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COMPLETE SPECIFICATION 
Improvements relating to Artificial Shaped Structures 

filaments may liave properties varying over 
a wide spectrum; but, in general, a plexifila- 
ment comprises a multitude of fibrinous 
strands or sections which intermittently unite 
and separate at random intervals both longi- 
tudinally and transversely to form a continu- 
ous three-dimensional integral fibrinous plexus 
ranging in appearance from that of an elon- 
gated matted cobweb to that of a slick con- 
tinuous filament yarn, and which in some 
instances has the exterior of a monofilament 
yarn even though the interior is always a three- 
dimensional integral fibrous plexus as des- 
cribed above. 

In one form, the plexifilament contains a 
labyrinth of innumerable fine (small in cross 
section) longitudinal tunnels which may inter- 
connect at random intervals, and in another 
but closely related form it does not contain 
tunnels, but is honey-combed with a multitude 
of longitudinally elongated cavities, or it may 
contain both tunnels and cavities. In an- 
cles the*e tunnels ox cavities or both are 
distributed throughout the stcand both longi- 
tudinally and transversely to provide the unit- 
ary fibrous plexus. On working such a 
plexifilament, hereinafter referred to as a 
" foamy " plexifilament, as by drawing, twist- 
ing or pressing, cavities present may collapse 
with considerable popping noise. _ 

In another form, the plexifilament is sub- 
stantially free of tunnels and/cr cavities and 
is characterised by a plurality of fibrils which 
unite and separate at random longitudinal and 
cross-sectional intervals throughout the 
strand to provide a three-dimensional unitary 
network or web in which all elements are 
integral with each other, thus resembling a 
staple fibre yarn without loose ends. m 
The term "fibrous", as used herein, is 
intended to include individual and distinct 
strands characterised by a length many tunes 
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We E. I. Du Pont de Nemours and Com- 
pany/ a "Corporation organised and existing 
under the Laws of the State of Delaware, 
United States of America, of Wilmington, 
State of Delaware, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to artificial shaped 
structures, and more particularly to structures 
comprising spongy and reticulated fibres pro- 
duced from synthetic organic fibre-forming 

P °In m accordance with the invention, a novel 
and useful product is provided by a process 
wherein a plexifilament (as defined below; 
produced from a synthetic organic fiwe- 
forming polymer, while in inumate contact 
with an organic modifier, is subjected to ion- 
ising radiation to produce chemical bonds 
between the plexifilament and the organic 
modifier. More specifically, an organic modi- 
fier is applied to the surface of the plexifila- 
ment or, for deep-seated modification, is per- 
mitted to diffuse into the substrate, and the 
structure is thereafter irradiated with lonis- 
radiation to induce chemical bonding. 
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30 Alternatively, the organic modifier, especially 
when it is of high molecular weight, may re- 
main upon the surface of the plexifilament 
substrate during the irradiation step, thus pro- 
ducing a uniform coating chemically grafted 
to the polymer substrate. The organic modi- 
fier may be polymeric or may polymerise in 
the process, or it may be a non-po-lymensable 
compound. 

The plexifilament structure is a three-dimen- 
sional fibrous integral plexus of the synthetic 
organic fibre-forming polymeric material. 
Within the framework of this structure, plexi- 
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greater than the greatest transverse dimen- 
sion as in an ordinary staple fibre. These 
distinct strands axe termed herein as " fibrils " 
and, of course, differ from the staple fibres in 

5 an ordinary staple yarn in that in a plexi- 
filament the ends of a " fibril " are normally 
integral with the ends of other fibrils so that 
the whole plexifilanienr is unitary with the 
fibrils combining and separating at (random 

10 longitudinal and cross-sectional intervals. The 
term " fibrous " is also used in the sense that 
a sponge or a paper is fibrous, and thus in- 
cludes the partitioning structures in plexifila- 
menxs which are perforated with tunnels or 

15 which contain numerous closed cavities 
throughout. The fibrous character of all 
plexifilaments is readily apparent from the 
fact that all are much more resistant to tear- 
ing ox breaking transversely than to splitting 

20 lengthwise, showing that in both fibrinous 
pksifilaments (those containing substantially 
all fibrils and few, if any, tunnels or cavities) 
and in foamy ox spongy plexifilaments con- 
taining a multitude of tunnels, cavities ox both. 

25 and substantially no fibrils, the polymeric 
material is distinctly fibrous in structure, and 
the fibres in plexifilaments are oriented longi- " 
tu dinally . Further evidence lies in the obser- 
vation that fibrils in plexifilaments are also 

30 longitudinally oriented as are elongated tun- 
nels and/or elongated cavities when present- 
In general, tunnel and cavity walls anpl 
fibrils throughout a plexifilament have a thick- 
ness of less than about 2 microns and prefer- 

35 ably less than 1 micron. 

The plexifilaments are thus yarn-like strands 
having the beneficial properties of both staple 
fibre yarns and continuous filament yarns. 
These strands have the bulk of staple^ fibre 

40 yarns but are substantially entirely without 
loose -ends, and like continuous filament-yarns^ 
have high strength even at zero twist. Plexi- 
filaments are unlike both staple and continuous 
yarns in being unitary and no twist is neces- 

45 sary to hold a plexifilament together. Further 
information regarding plexifilaments will be 
found in our Specification No. 18582/58 
(Serial No. 891,943). 

The term " synthetic fibre-forming poly- 

50 m er " denotes both condensation and addition 
polymers. By the term "synthetic organic 
condensation polymer " is meant a polymer 
which can be formed by polymerisation with 
elimination of small molecules such for ex- 

55 ample as HC1, HA Nad and NH 3 includ- 
ing those polymers which on chemical degra- 
dation yield moncmeric end products differ- 
ing in composition from the structural units 
(J. P. Flory, "Principles of Polymer 

60 Chemistry", Cornell Univ. Press, Ithica, 
N.Y.). These polymers are also character- 
ised by their ability to hydrolyse to a mono- 
mer. Another characteristic which distin- 
guishes condensation polymers (for instance, 

6 C from addition polymers) is that the repeating 



units which form an integral part of the poly- 
mer chain are linked by other than carbon- 
to-carbon bonds. Among such polymers may 
be mentioned poryamides, polyureas, poly- 
urethanes, polyesters, polyoxymethylenes, poly- 70 
ethers (epoxy polymers), polyacexals and poly- 
sulphonamides, and copolymers of such 
materials. The preferred condensation poly- 
mers are those which are substantially linear, 
i.e. those which are produced from predomin- 75 
antly difunctional xeactants. 

By the term " synthetic addition- polyrrrsr 99 
is meant a polymer which can be formed by 
vinyl polymerisation, i.e. polymerisation which 
proceeds by combination of an unsaturated 80 
monomer with itself or with other unsaturated 
monomers by linkage at the olefinic bonds. 
Among suitable monomers fox such polymer- 
isation may be mentioned styrene, the acrylic 
acid esters, vinyl chloride, vinyiidene chloride, 85 
vinyl acetate, the vinyl ketones, the vinyl 
ethers, the halogen-, sulphur-, nitrogen- and 
phosphorus-containing vinyls, the vinyl silanes, 
ethylene, propylene, the ally! esters, acryloni- 
trile and memacrylcnitrile. Linear, branched, 90 
isotactic and atactic polymers are suitable. 
The term comprehends copolymers as well as 
homopolymers. These polymers are com- 
prehensively discussed by Flory in ("Prin- 
ciples of Polymer Chemistry", Cornell Univ. 95 
Press, Ithaca, N.Y. (1953)). The preferred 
addition polymers are those which are sub- 
stantially linear, Le. those which are produced 
from predominantly mcnoethylenically un- 
saturated monomers; however., branching may 100 
be present. 

By " grafted polymer " is meant a polymer 
which is modified, after polymerising and 
shaping, by chemically bonding thereto mole- 
cules of a chemically dissimilar organic com- 105 
pound. -- .— ■ -. . — ^ 

By "irradiation" is meant the process by 
which energy is propagated through space, the 
possibility of propagation being unconditioned 
by the presence of matter, as distinguished 110 
from mere mechanical agitation in a material 
medium such as is characteristic of energy 
produced by a sonic or ultrasonic transducer, 
although the speed, direction and amount of 
energy transferred may be thus affected. * 115 

By " ionising radiation " is meant radiation 
having sufficient energy to remove an electron 
from a gas atom, forming an ion pair; this 
requires an energy of about 32 electron volts 
(ev) for each ion pair formed. This radiation 120 
has sufficient energy to break chemical bonds 
non-selectively; thus, in round numbers radi- 
ation of energy 50 ev and above is effective for 
the process. 

By an " organic compound " is meant a 125 
compound in which a carbon atom is attached 
only to one or more of the following: hydro- 
gen, halogen, nitrogen, oxygen, sulphur, a 
xadical containing a nitrogen, oxygen or sul- 
phur atom through which the radical is 130 
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attached to the carbon atom, or an organic 
radical, with the proviso that it may not be 
doubly bonded to more than one sulphur or 
oxye--n atom (i.e. the compounds CS., UJ> 
5 and COS are excluded). By "crsanic radi- 
cal" is memr a radical predominantly nya- 
rocarben except fcr the presence of atoms 
or radicals immediately hereinbefore listed. 
Where one or more of the said atoms or radi- 
10 cals is an organic radical it is preferred that 
it be linked to the cacbon atom originally re- 
ferred -to by a carbon-tc-csrbon bond. 

TVpical compounds included are hydrocar- 
bons, alcohols, acids, ethers, ketones, esters, 
15 aidehvdes, isocyanates, sulphonates, mercap- 
tans, "thioethers, disuiphides, mtriles ; mtco 
compounds, amines, amides and halides. Com- 
pounds with ethylenic unsaturation are especi- 
ally preferred, since a minimum radiation dose 
Z0 is required to graft a given weight of modifier 
However, surprisingly, it has been found 
that non-polymeric organic compounds (free 
from aliphatic unsaturation) are also readily 
grafted, to produce effective modification of 
25 polvmer properties. Of these compounds the 
chain tcansfer agents are preferred. 

Another useful class of modifiers are the 
high molecular weight compounds, especially 
polvmers. , , , _ 

30 The plexinlaments employed in the process 
of the present invention may be produced by 
"flash spinning" a homogeneous solution 
comprising a synthetic fibre-forming polymer 
in an organic liquid which is a solvent tor 
35 the polymer at the elevated temperature em- 
ployed, as described in Specification No. 
18582/53 (Serial No. 891,943). Trie solu- 
tion may be extruded from a vessel main- 
tained at a temperature above, preferably at 
40 least 40° C. above, the normal boiling point 
of the organic liquid and at superatmospneric 
pressure, through a spinneret containing one 
or more holes, into a medium at a lower pres- 
sure, preferably air at normal atmospheric 
45 pressure. The pressure in the vessel may be 
autogenous or higher. The temperature and 
pressure in the extrusion vessel should be 
sumciently high so that most of the solvent 
is flashed of immediately the pressure on the 
50 confined solution is released by opening a 
valve forming part of the spinneret assembly 
and located ahead of or behind the onnce. 
Extremely high spinning speeds are attained, 
normally above about 5000 ypm per orifice. 
55 Productivity of about 13,000-15,000 yards 
of filamentary material per minute per hole 
are obtainable. . . 

Flashing-off of solvent during the spinning 
process is much like the flash evaporation of 
60 solvent in well-known flash distillation pro- 
cedures. The rapid and substantial reduc- 
tion in pressure upon the confined polymer 
solution when the extrusion orifice is opened 
results in an almost violent escape of solvent, 
65 causing multitudinous longitudinal ruptures of 



extruded polymer and resulting in the produc- 
tion of the integral fibrous plexus, ranging 
from a completely fibrinous plexus at one 
extreme to a porous, longitudinally extended 
tunnel-containing yarn-like bulky, foamy 70 
strand at the other. It is surprising that, 
despite the violent nature of the process, in- 
definitely continuous strands are obtained. ^ 

It is important that the polymer solution 
to be extruded contain at least 5% of polymer 75 
by weight. If the concentration of polymer 
solution is too low for the particular spinneret 
assembly used, the polymer extruded is blown 
an arc and the continuous product is not ob- 
tained. If in the same assembly the solution 80 
temperature is too high, the extruded po.ymer 
may be fused or blown apart depending on 
the thermal properties of the solvent. Con- 
versely, if the polymer solution concentration 
is too high or the temperature of the solution 85 
in the extrusion vessel is too low for the par- 
ticular spinneret assembly used, a foamy, non- 
fibrillous product is obtained. It as also 
important that the polymer solvent utilised 



have a boiling point substantially lower than 90 
the melting point of the polymer and possess 
a substantial vapour pressure at the extrusion 
temperature if the plexifilament structure is to 
be produced. 

The material of the un grafted plexifilament 9b 
may for example be hydrocarbon polymers, 
such for instance as polyethylene and poly- 
propylene, poly-(isobutyl ethylene), or ethylene 
copolymers, for example with alkenes or ymyl 
acetate; vinyl polymers, such for example as 100 
polyvinyl chloride, polyvinyl fluoride, poly- 
acrylonitrile, and copolymers of acrylonitnle 
(preferably those prepared from monomer 
rnixtures containing more than about 25% 
acrylsnitriie); poly(tetramethyl - butadiene); 105 
polyamides such for example as polyhexa- 
methylene adip amide, methoxymethylated 
polyhexamethylene adipamide, polytetra- 
methylene sebacamide and polycaprolactam; 
polyesters, such for example as polyethylene 110 
terepbthalate); polycarbonates; polyurethanes, 
e e as described in United States Patent Speci- 
fication Nos. 2,731,445 and 2,731,446; po y- 
cthers, e.g. polyformaldehyde; polyureas; poly- 
(alkylsulphones). 115 

In addition to the polymers and copolymers 
disclosed above, graft and block copolymers 
are suitable for forming the plexinlaments to 
which a modifier may be grafted by the pro- 
cess of this invention. u 

Thus, the polymers useful for making trie 
plexifilaments to be grafted by the process of 
this invention include those polymers which 
form homogeneous solutions at autogenous 
or higher pressures in a solvent or solvent m 
mixture boiling at least 25° C below the 
softening point of the polymer. Such 
solutions do not have to be homogenous at 
rcom temperature; it is usually required 
that a homogenous soluuon of the polymer X3U 
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in the appropriate solvent exists at a tem- 
perature at least 2s high as the boiling point 
of said solvent or solvent mixture under 
autogenous or higher pressure. 
5 Any organic compound, as defined above, 
may be employed as the modifying material 
which may be grafted to the plexlfilament. 

Among suitable unsaturated modifiers are 
hydrocarbons such as ethylene, proylene, 
10 styrene, a-methyl styrene, di vinyl benzene, 
1,3 -butadiene, 2,3-dimethyi-13 -butadiene, 2- 
cHccc^2,3-bntaddene, isoprene, cyelopenta- 
diene and chloroprene; adds such as maleic 
add, crotonic add, dichloromaldc add, furoic 
15 acid, acrylic add, methacrylic add, undecyl- 
enic add, cinnamic add; amides such as 
acrylarnide, methacrylamide, N-methylolacryl- 
amide, N-methyl-N-vmyl-foimarriide, N- 
vinyl-pyrrolidone, methyl substituted N-vinyl- 
20 pyrroHdone, vinyl - oxyethyl - formamide, 
methylene - bis - acrylamide, N - aliyl - 
caprolactam; acrylate esters such as methyl 
acrylate, ethyl acrylate, benzyl acrylate, octyl 
acrylate, methyl methacrylate, butyl methacryl- 
25 ate, vinyl acrylate, allyl acrylate, ethylene di- 
acrylate, diallyl itaconate, diethyl maleate, 
N,N,cuethyhnimoethyl methacrylate, dihyd- 
rcxy-dipyrone; nitriles such a§ acrylonitrlle, 
methacrylonirrile; acrylyl halides such as 
30 acrylyl chloride; vinylic alcohols such as allyl 
alcohol, furfuryl alcohol, 3-hydroxy-cydo- 
pentene, dicydopentenyl alcohol, tropolone; 
aldehydic compounds such as acrolein, meth- 
acrolein, crotonaldehyde, furfural, acrolein 
35 diethyl acetal; vinyl amines such as vinyl- 
pyridine, aUyl-amine, diallyl-amine, vinyloxy- 
e^hylarnine, 3,3 - dimethyl - 4 - dimethyl - 
amino - 1 - butene, N,N - diacrylretramethyl - 
ene-cUamine, N^N-diallyi-rnelam i no, dismino- 
40 octadiene; quaternised amines such as tetra- 

allyl ammonium __ bromide, vinyl trimethyl 

ammonium iodide, the quaternary methlodide 
of methylene - 3 - aminomethyl - cyclo - 
butane; vinyl esters such as vinyl acetate, vinyl 
45 salicylate, vinyl stearate, allyl formate, allyl 
acetate, diallyl adipate, diallyl isophthalate; 
vinyl ethers such as ailyl glyddyl ether, vinyl 
2-chloroethyl ether, dihydropyran, methoxy 
polyethyleneoxymethacrylate; vinyl halides 
50 such as vinyl chloride, vinyl fluoride, terra- 
chlorcethylene, tetrafluoroethylene, 1,1-di- 
dichloro-2,2-G^uoroethylene, vinylidene chlor- 
ide, hexachloropropene, hexachlorocydopent- 
adiene, p - chlorostyrene, 2,5 - dichloro - 
55 styrene, allyl bromide, 2-bromo-ethyl acrylate, 
vinyl tetrafluoropropionare, 1,1,7-trihydro- 
pernuoroheptylacrylate; isocyanate type com- 
pounds such as vinyl isocyanate, acrylyl iso- 
cyanate, allyl isothiccyanate; vinyl ketones 
60 such as methyl vinyl ketone, ethyl vinyl 
ketone; cyanides such as methacrylyl cyanide, 
allyl isocyanide; nirro compounds such as 2- 
nitroprcpene, 2-nitco-l-butene: phosphorus- 
containing vinyls such as diethyl vinyl phos- 
65 phate, diphenyl vinyl phosphine oxide, 1- 



phenyl-3-phosphacydopentene-l-oxide, diallyl 
benzene phosphonate, potassium vinyl phos- 
phonate, bis-chloroethyl vinyl phosphonate; 
also included are alkyl, aryl, aralkyl phos- 
phonates, phosphites and phosphonates; sul- ' 
phur containing vinyls in du ding sulphcnates, 
sulphcnarnides, sulphones, sulphonyl halides; 
thiocarboxylates, such as diallyl sulphide, 
ethylene-sulphonic add, allyl-suiphonic add, 
methaUyl-sulphonic add, styrene-suiphonic ' 
add, 2-methylpropene-l3-disulphomc add, 
and salts and esters of the sulphonic adds; 
epoxy vinyls, such as butadiene oxide, gly- 
ddyl merhacryiace. 

Acetylenes such as phenyiacetylene, acetyl- i 
ene dicarboxylic add, propionic add, pro- 
pargylsuccinic add, propargyl alcohol, 2- 
methyl-3-butyn-2-ol, and* 2,2,3,3-tetranuoro- 
c^doburyivinylerhylene may be used success- 
fully. I 

In addition to compounds containing 
ethylenic unsaruration, it has been found that 
compounds can be grafted, according to the 
process of this invention, which are ordin- 
arily regarded as non-p olymerisable. By - 
non-pclymerisable is meant those compounds, 
fcee from aliphatic unsaturarion, which do not 
polymerise by free radical initiation. It is 
believed that, owing to the efiidency of the 
high-energy radiation in producing free radi- 9 
cals, free radicals are produced simultaneously 
on the polymer substrates and on the satu- 
rated non-p olymerisable compounds, where- 
upon grafting ensues. The preferred non- 
p olymerisable compounds are those which * ( 
have functional groups which are useful in 
modifying polymer properties. Thus, use- 
ful compounds include hydrocarbons, alcohols, 
acids, ethers, ketones, esters, aldehydes, iso- 
cyanates, sulphqnates* mercaptans, thioethers, M „ 
disulphides, nitriles, nitro compounds, amines, 
amides and halides. Typical of suitable alco- 
hols are the alkanols such as methanol, etha- 
nol, laurol; and the polycls, such as glycerine, 
pentaerythdtol, sorbitol, mannitol, and their 11 
partial esters. Dialkyl ethers such as di- 
methyl, diethyl, and ethylmethyl ethers, and 
the glycol ethers, as well as the oxyalkylated 
ethers of psxtial esters of the polyols, such as 
the polyoxyethylene derivative of a fatty acid 11 
partial ester of sorbitol, are suitable. Mer- 
captans and thic ethers analogous to the above 
may be used, as may also disulphides of a 
similar nature. As amines may be mentioned 
the alkyl amines such as methylamine, ethyl- 12 
amine, hexarn ethylene diamine and dodecyl- 
amine. The amides of these amines formed 
with adds such as formic acid, adipic add, 
suberic acid, stearic acid and the like are 
useful; moreover the acids alcne are often 12 
desirable modifiers. Halides within the pre- 
ferred class include the alkyl halides such as 
chic rem ethane, chloroform, carbon tetrachlor- 
ide, chlorcethane, chloroethylene, dichlorodi- 
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fluoromethane, dodecafiuoroheptyl alcohol and 
similar materials. 

Of the non-polymerisable compounds, those 
cyanic compounds whose bonds are easily 
5 broken, as, for instance, chain transfer agents, 
are particularly preferred, since larger 
amounts of modifier are grafted with a given 
irradiation dose. 

It is, of course, obvious that low molecular 
*0 webht non-polyaierisable modifiers are pre- 
ferred when it is desirable to have the modi- 
fier penetrate into the piexifilament substrate, 
to make a bulk modification. It has been 
ob^-rved that modifiers with functional groups 
15 wh : ch have a swelling effect upon the poly- 
mer are usually especially effective in pene- 
trating the substrate. 

Polymeric modifiers are especially suitable 
when'a surface coating is desired, since it is 
20 obvious that their ability to penetrate wnl be 
limited. When irradiating these composi- 
tions, it is believed that the coating is graced 
bv chemical bonds to the piexifnament sur- 
face. Therefore, the process of thus mven- 
?5 t ion gives a much more durable coating than 
those obtainable by prior art processes which 
require polymerisation initiators to cross-hn^ 
the coating, and depend on mere physical 
bonds to retain the coating upon the polymer 
10 substrate. The polymeric modifiers are 
especially adaptable to the process oi this in- 
vention, since relatively few bonds are needed 
to graft each large macromolecule to tne- sub- 
strate surface. 
5 Th- nrocess of this invention is suitable for 
washfast modification of plexifilaments, with- 
out destruction of their fibrous # structure. 
These advantages are obtained primarily be- 
cause the polymeric modifiers are applied in 
0 a relatively fluid state (e.g. from solutions of 
low viscosity) so that each filament ^ indi- 
vidually coated, and large excesses of the 
modifier are avoided. Excess amounts of 
modifier bond the fibrils of the plexmlament 
5 together, and may render it unfit for some 
use*; e.g. the piexifilament ma; no longer be 
disoersible. The preferred polymeric modi- 
fiers are those which are soluble or dispersive 
in aqueous solutions, although other solvents 
) mav be used in some cases. However, water 
is the preferred solvent because of its cheap- 
ness, availability, and freedom from hazards. 
Thus, such polymers as the polyether glycols, 
polypropylene ethers, polymeric alcohols, poiy- 
5 mecic acids, polymeric amines, and polymeric 
amides are preferred. These compounds are 
useful, for example, in increasing moisture 
regain antistatic effect, and wickabihty of 
those piexifilament substrates which otherwise 
) are highly hydrophobic. Alternatively 
water repellcnce can be improved by srafnng 
hydrophobic polymeric materials, usually ntd, 
isin- a solvent other thin water. Examples 
Ttuck hydrophobic polymers are polytetra- 



fluoroethylene, polyvinyl chloride, and poly- 65 
meric esters. . 

The process of this invention produces a 
polymeric structure which has been termed 
a grafted polymer, that is, a polymer in which 
a modifying agent (polymerisabk or rapoly- 70 
merisable compound, or polymeric chain) is 
grafted by chemical bonds, usually as a side 
chain, to the parent polymeric substrate. 

Conventional copolymers, consisting °t 
monomer species A and B, have a random 75 
distribution along the backbone of the poly- 
mer molecule, and may be represented scne- 
m atically ^ BBABBBAEAA _ 

The graf ted polymer species with which 80 
one embodiment cf rhis invention is concerned 
consists of a main chain of polymer A, and 
side chains of polymer B grafted thereto, repre- 
sented below: — _ off 
B 85 

B 
B 
B 
B 

B 90 
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B 100 
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The characteristic of this polymer type is 
that its gross properties remain predomin- 
antly those of the polymer (A) forming the 
molecular backbone. However, modifica- 105 
tons can be produced by polymer (B) grafts, 
in most cases without loss of the original de- 
sirable properties. As an example, conven- 
tional copolymers usually have a lower melting 
point than those of either component, while 110 
grafted polymers usually retain the high melt- 
ing point cf the pure backbone component. 
The structure and preparation of some 
examples of this kind of polymer are dis- 
cussed in a comprehensive rewwaru 0 ^ b? 115 
E H Immergut and H. Mark m Makromole- 
kuiare Chimi? 18/19, 322-341 (1956). 

It is obvious, of course, that when the 
modifier B is not homopolymensable, single 
B units will be grafted to the polymer sub- 120 
strate A, producing another embodiment ot 
the invention. Examples of such compounds 
are maleic acid, dodecafiuoroheptyl alcohol, 
glycerol, and pailmitic acid. . 

A third embodiment is that wherein the 125 
grafted modifier, B, is a preformed F ol y^ r 
(e.g. Carbowax, polyacrylic acid, polymeth- 



SDOCID: <GB 891 94-4A l_> 



6 



891,944 



acrylic acid). In this case, it is unlikely that 
any substantial amount of polymer B is 
grafted to A by free radicals generated on the 
ends of the B chain, as suggested by the struc- 

5 tural formula above; more typically, bonding 
will occur between polymer A and some inter- 
mediate atom in the polymer B modifier. 

The organic compound may be applied to 
the plexifilament as a liquid or liquid com- 

10 position by immersion, padding, calendering, 
soraying, exposure to vapour condensation, or 
by other similar means. It is sometimes de- 
sirable to remove excess liquid by squeezing 
prior to the irradiation. - Alternatively, the 

15 organic compound may be deposited upon the 
plexifilament by applying it as a solution and 
flashing-off -the solvent. 

As described previously, it is desirable that 
the modifier be applied to the substrate in a 

20 highly fluid condition; thus, application from 
solutions with a viscosity of the same order 
of magnitude as water are preferred. This 
permits the complete coating of each fibrii of 
the plexifilament. 

25 In its preferred embodiment, the process of 
the invention is directed to producing modi- 
fications throughout the bulk of the plexi- 
filament substrate by using a modifier which, 
applied to the surface, penetrates therethrough; 

30 for modifiers which do not penetrate, modifica- 
tion is restricted to the surface. Thus, when 
the plexifilament is penetrated with the modi- 
fier prior to initiating the graft polymerisation, 
modification of the structure extends at least 

35 through a substantial proportion of the body 
of the final product. Increased contact time 
and agitation are helpful in increasing pene- 
tration. It is sometimes beneficial to carry 
out the soaking for penetration at elevated tem- 

40 peTatures, at superatmospheric pressure or in 
the presence of swelling agents, dye carriers, 
or the like. However, elevated temperatures 
are to be avoided when using modifiers, such 
as strong acids, which may degrade hydrolysis- 

45 susceptible polymers. Minor amounts of 
wetting agents, surface active compounds, and 
the like are useful for improving penetration 
efficiency. 

When it is desirable to limit penetration of 

50 the polymerisabie composition to a zone near 
the substrate surface, this may be accom- 
plished by reduced contact time or tempera- 
ture, or use of modifiers with greater chain 
length. Alternatively, the shaped substrate 

55 may be exposed to the modifier for the time 
required to effect the desired depth of pene- 
tration, and further penetration stopped by 
freezing, fcr example with solid carbon di- 
oxide. The combination may then be irradi- 

60 ated while frozen, and grafting will occur on 
subsequent warming. 

Where the modifier is applied from a solu- 
tion, water is usually the oreferred solvent, 
but other liquids may be uv-d such as alcohol, 

65 benzene, toluene, glycol, high boiling ethers 



and the like; where high soaking or irradiation 
temperatures are used, a non-volatile solvent 
is often advantageous. 

Flash-extruded plexifilament yarn, drawn or 
undrawn, is the preferred substrate to which 
the modifier is grafted. However the graft- 
ing step may be carried out on fabrics, on a 
fibre slurry, or even (less desirably) on the 
fibres in paper form. 

In another embodiment of the process of 
the invention, which is only acceptable in 
some cases, .the modifier may be dissolved in 
the spinning solvent along with the polymer, 
and the combination co-spun, grafting being 
initiated in a later step by exposing the plexi- 
filaments to ionising radiation. 

It is obvious, of course, that in this last em- 
bodiment the choice of modifiers which may 
be employed is limited, since modifiers must 
be avoided which, at spinning temperatures, 
degrade, cress-link cr precipitate the polymer 
or themselves homopoiymerise or decompose. 
Volatile modifiers may flash off with the sol- 
vent during spinning, or may be so incom- 
patible with the polymer that no filaments are 
formed. Fcr polymer-modifier combinations 
where these difficulties are not encountered, 
this embodiment will often provide acceptable 
products, and is useful especially when bulk 
modification is desired, using a modifier which 
when applied from outside will not penetrate 
the solid p'lexifilaments. It should be noted, 
however, that a major advantage of grafting 
to preformed plexifilament substrates is the 
large weight gain per unit radiation dose; the 
embodiment of -the" process just described fore- 
goes this advantage. 

The icnising radiation useful in the process 
of this invention^must have- at least sufficient 
energy to non-selectively break chemical bonds. 
This radiation is to be distinguished from 
ultraviolet radiation, which is effective in 
activating cr ionising only such specific chemi- 
cal bonds as are responsive to ultraviolet radi- 
ation of a given wavelength or wavelengths. 
It is often necessary to use an ultra violet- 
p]K>to-iniriator in such reactions, so that light 
of available wavelengths will initiate the de- 
sired chemical reaction. In contrast, the 
ionising radiation used in this invention has 
more energy than is needed to break any 
chemical bond. Thus, this ionising radiation 
serves to activate polymer substrates so that 
chemical reactions are initiated with organic 
compounds, cr, alternatively, to activate non- 
polymerisable organic compounds so they re- 
act with the polymer substrate. 

In general,_ionising radiation is preferred 
which has su indent energy for an appreciable 
substrate thickness to be penetrated, and, in 
addition, fcr radiation absorption by the at- 
mosphere to be low enough to make it un- 
necessary to operate in a vacuum. Such radi- 
ation has an* energy of at least about 0.1 
Mev. Higher energies are even more effec- 
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tive; the only known upper limit is imposed 
by available equipment. 

The ionising radiation of the process or 
this invention is generally considered m two 
5 classes: Particle radiation, and electromag- 
netic radiation. Effects produced by these 
iwo types of radiation are similar, since in 
their interaction with matter, eacn generates 
secondary radiation of the other type The 
10 important consideration is . that the mcident 
radiation exceed the minimum, thre hold 
energy. Details of the mechanism of tb. 
interaction of high energy electrons with 
organic matter, including polymers, are not 
15 completely known, but the minal reacnon is 
considered to be the absorption of energy by 
the valency electrons or the irradiated mole- 
cules in or near the rath of the high energy 
electrons. The absorbed energy may beso 
20 erear that some valency electrons will b- . «hwt 
df fast enough to ionise still other moIecu.es 
Some of the displaced electrons rail back to 
focm neutral molecules and give up > th-ir 
energv as electromagnetic radiation, wnich in 
25 turn can be absorbed by other molecu.es and 
thus raise .them to an excited stage. Further 
redistribution of the energy in the molecules 
results primarily in C-C bonds sphtting off 
tj .JJ: or ™-sWes. nroducms free radicals 



rFamnis or molecules, producing free radicals 
30 cr unsatur2tion. 

The similarity of effect between the two 
types of radiation is thought to be due to th^ 
fait that an electron is elected when anatom 
absorbs a quantum of high energy X- or 
35 Jamma-ays;this electron has sufncient energy 
to eject electrons from other atoms in its 
turn giving an effect corresponding to_that 
of irradiation with an electron beam. Thus 
the initial effect of high energy ^radianori is 
40 to produce high energy electrons, which 

in the irradiated substrate produce free radi- 
cals. Consequently, the effects produced by 
particle and electromagnetic irradiation oi 
equivalent energy ace very smnlar, and differ 
45 only in the rate at which die effect is pro- 
duced, which is a function of dose rate. The 
dose rate is a function of the equipment avail- 
able to produce it, rather than an inherent 
limitation of the type of irradiation Tnus, 
50 with present day equipment, higher dose rates 
are obtainable with electron irradiation than 
are obtainable with X-rays of equivalent 
energy. . _ 

Although the fundamental particles differ 
55 from one another in size and charge, tneir 
mechanism of energy loss is essentially the 
same Thus, their effect on chemical re- 
actions is also' similar. .Although the neut- 
ron is not a charged particle it produces pro- 
60 tons and gamma-rays wfcch 1« 

normal ways and consequently is effecme in 
tV process of this invention. 

The heavier charged particles, like the elec- 
trons, undergo inelastic 
65 bound electrons of atoms which they ej.ct 



to produce ions. Some of these ejected elec- 
trons may be sufficiently energetic to produce 
ionisations of their own. The energy of all 
these particles is used up in removing the 
bonded electron (i.e. in ionisauon) and m pro- /u 
ducing excited atoms until all the electrons 
have become of such low energies that they 
can no longer produce ionisation and are cap- 
tured to form negative ions. Neutrons do 
not produce ionisation directly, but knock out lo 
protons from the nucleus of the atoms they 
traverse The chemical effects of fast neut- 
rons are, therefore, almost wholly due to pro- 
tons in exactly the same way as the effects or 
X-rays are produced by the eiected electrons. 80 
Unlike the other ionising radjitions, however, 
the number of ionisations produced by neut- 
rons depends largely on the nature of the ele- 
mentary composition of the material through 
which the neutrons pass. The reason for 85 
this is that the transfer of energy between 
neutrons and protons does not depend on the 
atomic number but on other factors, such as 
chemical composition of the absorbing 
material. . , ,. 

Therefore, the high energy particle radi- 
ation effective in the process of this invention 
is an emission erf highly accelerated electrons 
cr nuclear particles such for instance as pro- 
tons, neutrons, alpha particles, deutrons or 95 
b-ta particles, directed so that the said par- 
ticles impinge upon the polymer bearing the 
cyanic compound. The charged particles 
may be accelerated to high speeds by means 
cf a suitable voltage gradient, preferably at 100 
least 0.1 Mev, using for instance such devices 
as a resonant cavity accelerator, a Van de 
Graaff generator, a betatron, a synchrotron or 
a cyclctrcn, as is well known to those skilled 
in the art. Neutron radiation may be pro- 10d 
duced by bombardment of selected light 
metal (e.g. beryllium) targets with high energy 
positive particles. In addition, particle radi- 
ation suitable for carrying out the process of 
the invention may be obtained from an atomic 130 
pile, cr from radioactive isotopes or from other 
natural or artificial radioactive materials. 

Similarlv, ionising electromagnetic radia- 
tion useful in the process of tms invention is 
produced when a metal -target (e.g. gold or nr* 
tungsten) is bombarded by electrons possess- 
in* Appropriate energy. Such energy is im- 
parted to electrons by accelerating potentials 
in excess cf 0.1 Mev. Such radiation, con- 
ventionally termed X-cay, will have a shorter 120 
wavelength limit cf about 0.01 Angstrom 
units (in the case of 1 Mev) and a spectral 
distribution cf energy at longer wavelengths 
determined by the target material and the 
applied voltage. X-rays of wavelengths 12d 
longer than 1 cr 2 Angstrom units are 
attenuated in ak, which puts a practical long 
wavelength limit on the radiation. In addi- 
tion to X-rays produced as indicated above, 
ionising electromagnetic radiation suitable for 130 
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carrying out the process of the invention may 
be obtained from a nuclear reactor ("pile") 
or from natural or artificial radioactive 
material, foe example cobalt 60. In ail of 
5 these latter cases, the radiation is convention- 
ally termed gamma-rays. While gamma radi- 
ation is distinguished from X-radiztkm only 
with reference to its origin, it may be noted 
that the spectral distribution of X-cays is 
10 different^ from that of gamma-rays, the latter 
frequency being essentially monochromatic., 
which is never the case with .X-rays produced 
by electron bombardment of a target. 

To be efficient in the practice of the pre- 
15 sent invention, it is necessary that the high 
energy particles have sufficient velocities to 
permit penetration of several layers of 
material Although an energy of about 50 
ev is enough to initiate the grafting reaction, 
20 energies of at least 0.1 Mev are preferred for 
efficient penetration. The velocity required 
will depend on the nature of the particle and 
also on the nature of the substrate to a cer- 
tain extent. Electrons accelerated by a poten- 
25 tial of a million volts will effectively pene- 
trate a thickness of polyhexamethylene adip- 
amide fabric of about 0.25 cm. A more uni- 
versal measure of penetration far all sub- 
strates is in units of grams penetrated per 
30 square centimetre irradiated. Thus, 2 Mev 
electrons will effectively penetrate 0.7 gm./ 
enr of any shaped article, while 1 Aiev elec- 
trons are effective for 035 gm./cm\ 

As stated previously, there is no known 
35 upper limit to the particle energy, except that 
imposed by present day equipment. Thus, 
energies equivalent to 24 Mev to 100 Mev 
may be used. 

As a guide in using other charged particles 
40 which have^been= shown^to^ be -effective-in 
grafting, the following table shows particle 
energies required to give penetration equiva- 
lent to 0.1 Mev electrons. 

Table 

^ Accelerating 
Particle potential, Mev 

Electron e - - - - 0.1 

Proton H + - - - - 3.0 

Deuteron D + - - - 4 0 

50 Alpha He++ - - - 12.0 

It should be recognised that the heavier 
changed particles are especially adapted to 
creating surface effects, since they have a 
lower penetration at a given energy. In 

55 situations where surface effects are paramount, 
it is not necessary that the shaped article be 
completely penetrated by the high energy par- 
ticle and lower accelerations may be em- 
ployed. Under those conditions, 'if the sur- 

60 face effect is to be applied to both sides of 
the article, it will obviously be necessary to 
expose each of the surfaces to the particle 
radiation- This can be done by simultan- 



eously bombarding both sides of the shaped 
article or alternatively by subjecting each side 6.' 
to the single source of irradiation during 
different runs. 

High energy particle radiation has special 
utnity for grafting modifiers to thin sub- 
strates such as piexifflaments. The required 7( 
irradiation doses with present day electron 
accelerators, such as exemplified herein, are 
attained rapidly, in a matter of seconds, thus 
promoting a high rate of throughput. 

In comparison, high energy electromagnetic T 
radiation in sheet wave lengths is highly 
penetrating, and hence readily lends itself 
to treating massive substrates. When graft- 
ing to the preferred substrates of this inven- 
tion,^ this type cf radiation is especially useful 8C 
for irradiating materials present in multiple 
layers. For example, bolts of fabric, yarn 
packages, and bales of staple fibre formed 
from the piexi&iaments may be irradiated as a 
single unit. 35 

As an illustration, X-rays generated by elec- 
trons ox 2 Mev have adequate penetration for 
polymer samples several inches in thickness 
Lower energy (longer wavelength) X-rays are, 
cf course, less penetrating so that it may be 90 
necessary to. reduce the thickness of material 
to be .treated simultaneously. The very long 
(soft) X-rays, because of their low penetration, 
may be especially effective in producing sur- 
iace effects. * 95 

Although the treatment can be carded out 
using conventional X-ray equipment, the use 
Ox radioactive isotopes such as cobalt 60 is 
especially economical. Radiation from waste 
^ssion products, with particle irradiation 100 
screened off if desired, is also effective and 
oners an opportunity to utilise an otherwise 
useless waste product. 

In determining the optimum dose of irradi- 
ation for any particular combination, both the 105 
nature of the organic compound and the 
nature of the substrate must be considered. 
For example, for vinyl monomers which are 
readily grafrable, and polymer substrates that 
are readily activated by ionising radiation, it 110 
appears that the greater part of the minimum 
irradiation dose is required to consume the 
inhibitor (including oxygen) which may be 
present in the vinyl monomer. After that is 
done, relatively low additional doses will pro- 115 
duce enough radicals to initiate graft poly- 
merisation. Fee readily graftable combina- 
tions of this type, a high polymerisation rare 
is observed. Thus, the extent cf irradiation- 
induced graft polymerisation can be increased 120 
by increasing radiation dose, post-irradiation 
tune, or both. For instance, if a polymer 
plexifilament soaked in acrylic acid solution is 
irradiated with a dose of 0.C6 Mrad, and the 
irradiated sample is kept in contact with the 125 
acrylic acid solution for 1 hour at room tem- 
perature, a large amount of the acid is grafted 
In contrast, with the same dose, if the mono-* 
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mer is removed from the sample immediately 
after irSdiation (e.g. by a water extraction), 
SyoM-tHrd as much acrylic^ is grafted 
Th-refore, for polvmerisable vinyl compounds 
5 and readily grabble polymer substrates, a 
venr small dole is required; thus a nunraum 
2d 5000 rads (0.005 Mrad) annates a 
sienificaat amount of grafting. 
"When unsaturated compounds . which are 
10 n* Thomopoivmarisable (e.g. maieic acid) are 
u ed as the modifier, in f mbinauon w*h 
readily graftable substrates, doses of 0-1 ^rad 
are required to initiare appreciable grafting, 
men non-polymerisable organic compounds 
is ^ ^turat-d polymeric modifiers are used, a 
15 ^Wo^oflMrad should b* employed 
Radiation doses below, the minimum specified 
fail to initiate beneficial amounts of grefnn^ 
Shta a practical length c time. This »s 
20 b'cause the life of free radicals produced by 
20 £f Eradiation depends on a balance, between 
Suiting (Le. non-grafong) reasons and 
those which produce grafting. " " odvi 
cus of course, tint even lower doses may b_ 
25 used in completely inhibitor- and 

svsSms, or fi irradiation-initiation of grafting 
nSplemented by a chemical immgr 

Although the ininimum doses spumed are 
effective; higher dosages may be used and are 
™ muaUv hi-hly beneficial. Dosages so high 
30 SEbSl degradation of the s^ped^b- 
Srate occurs must obviously be avoided. High 
£5 cU-link some polym^^b may 
^nmprim-s be undesirable. In gsnerai, p-^ 

SS.Tt is preferred that the dosage appked to 

should not bV exposed to a dose greater than 

25 T^stinction between "available :bngr 
45 ation " and " dose " should be recognised. The 

Se dose (energy absorbed) is abou g 

may absorb suLt^tially all of the incident 
Sation energy, but the dose absorbed m the 
hv rfmore dkrant from the electron source 
60 may no? be sufficient to form a useful num- 
u r of free radical sites. . 

Once f«e radicals are produced on the 
carbon atoms of the polymer chain n. the 
IzZr* at a vinyl monomer, vinyl polymer- 
65 EffbtafiH and polyvinyl chains grow 



from the initiating sites. However, it has 
S observed that the life of free radicals is 
mtny times greater than has been four A m 
vinyl polymerisations earned out in solution 
or emulsions. For this reason, at a given 70 
radiation dose, the yield of polymery aftedto 
the shaped substrate is much greater tban 
would be obtained, for.example, 
Sate polymer were dissolved m the vinyl 
monomer and the solution irradiated 75 

Th- ^-erage molecular weight of the poly- 
m-rchatos grafted to the substrate (at a 
gven to^fweight gain) may be : controUed 
bv adjusting the radiation dose. . It may also 
£ adjusted by controlling chain transfer to 80 
*e substrate polymer,' eg. by changing .gra- 
ins temperatures, or modifying the substrate 
p|ym« by incorporating copolymer compon- 
STwbfch are more (or ^ss) suscepttbte to 
chain transfer. Similarly, die molecular »D 
weight distribution of these chains may be 
Tdjusted. By controlhng. the number, 
length and length distribunon of grafted 
chains, the effect* produced by a given graft- 
ine a^ent may be modified. 

S It has been observed that irradianon of the 
modifier-treated shaped substrate in the pre- 
puce of air or moisture may occasionally 
cause some degradation; such adverse effects 
can be avoided by employing an atmosphere 95 
oHnert gls around the article whfie it is being 
todiated! Alternatively, a satisfactory and 
Snpler approach is to wrap the sample in a 
Srial which is substantially ^P™" j» 1Q0 
air and water, for example polyethylene film 1UU 
or aluminium foil, thus hmiung the quantity 
of air or moisture contactmg the sample Com- 
plete exclusion of oxygen is not, squired, 
Irfrhough it may contribute to grattmg effia- 
ency when using a vinyl monomer. in- too 
naSre of the wrapping material is not critical, 
provided it is substantially impervious to air 
luTmoisture, when required, and is readily 
penetrated by the radiation. 

It is within the scope of this invention to 110 
include in the combination to be. irradiated 
materials which may have a protective or anu- 
Sto effect so as to prevent radiation degra- 
Stion of eitiier modifier or substrate or both, 
impounds of this type are cysteme, carbon 115 
and polyethylene glycols- It .is also within 
the scope of .this invention to mclude in the 
combination to be irradiated rnatenals which 
absorb radiation and transmit the energy thus 
absorbed to the modifier or the organic poly- 120 
menc material or both, so increasing the effici- 
ency with which the radiation is utilised Com- 
pounds with this property are somewhat simi- 
far m se^sltisers myography . except that 
£ this case useful materials absorb high 125 
energy radiation and emit the energy in a 
SS 7 or more usable range. Phosphor 
tcSns containing calcium tungstate, zinc sul- 
phTde or metallic lead are useful for thus pur- 
$S The phosphor materials may be used 130 
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as plates contacting tie material being treated, 
cc may be incorporated in the modifying agent 
or even be coated on or dispersed, in the plext- 
filament. 

5 The irradiation may be effected over a wide 
range of temperatures. However, a low 
temperature decreases the tendency toward 
oxidation. Since the absorption of particle 
radiation frequently causes a temperature in- 
10 crease in the range of about 2° C. for each 
Mrad absorbed, if high rube current is em- 
ployed so that radiation absorption is com- 
plete within a short time interval, it is usu- 
ally advisable to provide means to remove the 
15 heat generated to avoid injury to the sample. 
The use of solid carbon dioxide to maintain a 
cold atmosphere is very satisfactory for this 
purpose. In general, a higher 'temperature 
increases the speed with which bonding 
20 occurs, thus making possible a higher through- 
put with a given piece of equipment at a con- 
stant radiation dosage. Temperatures rang- 
ing from —80° C. or below up to the melting 
point of the polymer substrate may be em- 
25 ployed but more efficient grafting is often 
noted when irradiation temperatures are in the 
range of 100 to 160° C. 

In general, for the greatest weight of modi- 
fier to be grafted for a given dose, the organic 
30 compounds are applied to the substrate as 
liquids or solutions" of relatively high concert- 
, traticn. Such procedure provides the maxi- 
mum opportunity fee the organic compound 
to be bombarded by the high energy particle. 
35 In some cases the concentration of the organic 
compound on the substrate will noticeably 
affect the final properties. 

The pkxin laments may contain additives 
such as pigments, antioxidants, fillers or poly- 
40 merisation catalysts. After the irradiation, 
the product may be after-treated. Frequently 
a certain- amount of ^decomposition occurs at 
the surface, the products of which are readily 
removed by washing in detergent. In other 
45 after-treatments, the article may be dyed, 
bleached, hot or cold drawn, chemically re- 
acted, or given coatings of lubricants, sizes,. or 
the -like or other similar treatments. 

The grafting reaction may be carried out as 
50 a batch operation or continuously, either sup- 
plementary to or, preferably, as a separate 
operation from the flash-spinning. 

The process of the invention is valuable in 
creating both surface and bulk effects upon 
55 the plexifilaments. It may be employed 
upon textile to effect softness, resilience, ten- 
dency to shrink, static propensity, resistance 
to hole-melting, pilling, hydrophilirity, wick- 
ability, and the like. It is useful in changing 
60 such properties as tenacity, elongation, modu- 
lus, creep, compliance ratio, work recovery, 
tensile recovery, decay of stress, wet proper- 
ties, high-temperature properties, abrasion and 
wear resistance, moisture regain, flex life, hyd- 
65 rofyric stability, heat-setting properties, boil- 



off sh ri n k age, dry-cleaning properties, heat 
stability, light durability, zero strength tem- 
perature, melting point, soilability, ease of 
soil removal, laundering properties, wash-wear 
properties, liveliness, crease resistance, crease 70 
recovery, torsional properties, hysteresis pro- 
perties, fibre friction, dyeability, (depth, rate, 
permanence and uniformity), printability, 
washfastness of dyes or finishing treatments 
using for example resins or ultraviolet ab- 75 
sorbers, handle and drape properties, (stiffen- 
ing cc softening), heat-yellowing, snag resist- 
ance, elasticity, density, ease in textile process- 
ability, solubility (e.g. to cause insolubiliza- 
tion or an increase in solubility), bleachability, 80 
surface reactivity, delustering action, drying 
properties, fabric life, crimp ability, stretch- 
ability, fabric stabilisation, compressional re- 
silience (for -rugs), thermal and electrical con- 
ductivity, transparency, light rransrnittance, air 85 
and water permeability, fabric comfort, felt- 
ing, ion exchange properties, germicidal pro- 
perties, adhesion, over-all appearance and com- 
binations of these as well as ethers. 

In addition to the above modifications which 90 
it may be desirable to effect in plexifilaments 
for^ textile uses, there are other modifications 
which are particularly useful when the plexi- 
filaments are used in papers. Typical modi- 
fications improve disperability, ion exchange 95 
properties, strength (wet or dry), tear resist- 
ance, durability, burst resistance, vapour per- 
meability* dyeability, abrasion resistance, fold 
resistance, dight durability, heat durability, 
flame resistance, and many other properties. 100 

The grafted products of this invention may 
be used in a wide range of compositions with 
Kraft or other pulps to make useful paper 
products. In addition, the grafted products 
are suitable for making 100% synthetic fibre 105 
paper. Especially useful compositions are 
obtained by blending acid-grafted and un- 
modified plexifilaments. 

The plexifilaments of .the present invention 
are particularly suitable as binders for other 110 
fibrous materials. The plexifilament par- 
ticles can be bonded intimately to a stress- 
bearing component, preferably of a material 
melting higher than the plexifilaments. Thus 
the final bonding conditions depend almost 115 
entirely on the nature of the plexifilaments. 
Typical stress-bearing components are : Kraft 
and other celltdosic pulps, cellulosic fibres, 
glass, man-made fibres such as those of cellu- 
lose acetate, rayon, oolyestecs, polyamides, 120 
poly ethers, polyvinyl chloride, polyureas, polv- 
ure thanes, acrylcnitriie polymers, poly(tetra- 
flucroethylene), polysulphonamides, polyphos- 
phonamides, hydrocarbon polymers of the 
linear or branched variety, and copolymers 125 
and blends of polymers as well as graft copo- 
lymers. 

Of course the stress-bearing fibres can vary 
widely in their denier range. Th? fibre denier 
will be selected to suit the intended end use 130 
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fee the sheet product mads. The fibres can 
be cut into staple lengths, which also can 
vary widely with the desired end product but 
generally fall within the range of from 1/5 
about 2" 

t0 Anvof the well-known raw cellulosic materi- 
als can be used to prepare the cellutose-con- 
■ raining papers. These sources include wood 
cotton, and linen rags, cotton inters and 
10 'taple, bagasse, bamboo, mamla rope, esparto, 
10 cereal straws/flax, straw, bast ramie, s^al, 
hemp, and waste paper. Of these, the pulps 
which are capable of making strong sheets, 
Ich as Kraft; manila, bleached sulphite pulp 
15 and bleached sulphate pulp are preferred. 

A grafted plexifilament pulp can be d^- 
watered to a composition containing 20 ,o or 
more of solids suitable for shipping and r.- 
dispersing. This pulp can be dihit-d to 
20 the proper level for the formation of homo- 
2 sheefs, cc it can be blended with ^other pulps 
of stress-bearing fibres to ^ h=te»^s 
of any desired characteristics. The pulp can 
also contain or can be blended with addmves 
25 as Hsted earlier but, for good sheet formation 
2 in the processing steps, at least about 3% of 
grafted plexifilaments based on .the total con- 
Et of solids is recommended. ^Generally 
sheets containing at least about 5% grafted 
30 plexifilaments are preferred. 

These sheet products are useful in many 
appSons. They can be made of venous 
thicknesses or basis weights, flatter USuaUy 
being within the range of from 0.5 to JO 
35 oz/vd : Such sheets include products 
which would be considered lightweight papers 
as well as heavy structures similar to card- 
board I An implant use for pressed products 
of hivV basis weight is in ^ fonnanon of 
40 containics, such as those used for butur 
cheese and milk. The sheets can b~ used 
nTmany packaging appBcations where <=eUn- 
lo«c r>aoer bags or perforated polyethylene 
films P are now^being P used, particularly to 
45 mckaeing goods which are stored or bandied 
SSy out of doors. Such bagging 
Aerials delude mail bags, cement teg, and 
vegetable containers, m other words, us-s 
where wet strength is of importance. .In 
50 Inch end usS t fc products of the invention 
would replace much heavier consmicoons 
such as impregnated fabnes, coated card- 
boards, and wooden boxes. Thinner sh^-ts 
containing grafted plexifilaments may be used 
55 as batter^ separators and as electrical papers 
in condensers, particularly when mad- en- 
tirely from synthetic ingredients. They may 
also'be used for wrapping electric cables. In 
-eneraL such products have high electrical 
60 msulation values, good thermal stability, very 
high wet strength, excepuonally good hot- 
wet properties, good heat insulation values, 
and many other valuable properties. Tli- 
£rucruces y containing ceUubsic compo nentt 
65 are superior in wet strength to sheet pro- 



ducts made entirely from cellulosic materials 
when compared to one another calculated on 
the same basis weight. The sheet products 
made entirely from grafted synthetic polymers 
have a very favourable cost-performance ratio 70 
when factors such as dry and wet strength, 
tear strength, burst strength, electrical and 
heat insulation, corrosion, and innuence on 
micro-organisms are involved. 

Other articles which can be made advan- 75- 
tageously from the above compositions, in- 
clude anode bags, high performance print- 
able papers, foil papers, filter papers and 
other filter media, absorbent products, low 
cost tarpaulins, construction covers, para- 80 
chutes, laminates, paper dishes, utility cloth- 
ing, inner liners and head liners. 

The paper-making process may, of course, 
be carried cut continuously on conventional 
paper machinery. Although dispersing agents 85 
are usually unnecessary in the aad-gcafted 
plexifilamentary polymer slurry, they may be 
included without harmful effect. Other con- 
ventional additives may also be employed, 
such as sizes and fillers. 90 

In the following examples all " parts " are 
bv weight, and compositions are given in 
parts by weight or weight percent, unless 
otherwise noted. . . 

The irradiation in many of the examples is 95 
carried out using a Van de Graaff electron 
accelerator with an acceleraung potential of 
2 million electron volts (Mev) with a tube 
current of 250 to 290 microamperes. Samples 
to be irradiated are placed on a conveyor 100 
and traversed back and forth under the elec- 
tron beam at a distance of tube window to 
sample of 10 cm. The conveyor speed is 
40 inches per minute.^ At the _ sample loca- 
tion the irradiation intensity is 12.5 watt 105 
sec /cm.'- of sample, which is approximately 
equivalent to an available dose per pass of 
one Mrad. . 

Radiation dosages are given in units of 
"Mrad" (millions of rads), a "rad" being 110 
the amount of high energy radiation of any 
tvpe which results in an energy absorpnon of 
100 ergs per gram of water or equivalent ab- 
sorbing material. _ 

The «tatic propensity of the fabric is indi- 113 
cated in" terms of direcr current resistance in 
ohms per square, measured parcel to the 
fabric surface, at 78* F in a 5<K relative 
numidity atmosphere. High values, reported 
Isfhi ^logarithm (to the base 10) of the resist- 120 
Mty (lof R) indicate a tendency to acquire 
ami retain a static charge A meter suitable 
for this determination is described by Hayek 
and Chromey, American Dyestuff Reporter, 

40 225 (1951) 

Wickability as given in the examples is 
determined by placing a drop of water upon 
She fabric, and measuring the diameter of 
the wet spot after a standard time interval of 
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60 seconds. Alternatively, especially useful 
where decreased wickability is obtained, is a 
determination of the length of time required 
for a drop placed upon -the fabric to disappear 
5 by soaking into the fabric. 

Crease recovery is evaluated by crumpling 
a fabric in the hand, and observing the rate 
at which it recovers from -this treatment. Wet 
crease recovery indicates the rate and extent 

10 of disappearance of creases from the crumpled 
fabric when it is wetted. Numerical values 
are obtained using the Monsanto Crease Re- 
covery Method, described as the "vertical 
strip crease recovery test" in the American 

15 Society for Testing Materials Manual, Test 
No. D1295-53T. In determining wet crease 
recovery by this "method, the specimens are" 
soaked for at least 16 hours in distilled water 
containing 0.5% by weight of "Tween 20" 

20 (" Tween n being a Registered Trade Mark), 
a polyoxyalkylene derivative of sorbitan mono- 
laurate, a wetting agent marketed by the Adas 
Powder Company, Wilmington, Delaware. 
Immediately prior to testing, excess water is 

25 removed from the test fabrics by blotting be- 
tween layers of a paper towel. Results are 
reported as percent "recovery from a stand- 
ard crease in 300 seconds. 

Example I 

30 13 parts of linear polyethylene of melt in- 
dex 0.5 and 87 pacts of methylene chloride 
are charged to an autoclave, and are heated 
for 4 hours at 190 — 195° C. with stirring. 
The autogenous pressure is about 500 psL 

35 Following the heatmg-disscdving step, a gate 



75 



valve at the bottom of the autoclave is opened 
and the solution is flash-extruded through an 
extrusion orifice which is 86 mils in diameter 
and 86 mils long* The flash-spun product 
is a plexifi lament structure characterised by a 4 
plurality of fibrils which units and separate 
at random longitudinal and cross-sectional in- 
tervals -through .the strand to provide a three- 
dimensional unitary network or web in which 
all the elements are integral with each other. 4 
Thus, it resembles very closely a staple fibre 
yarn without loose ends. 

A portion of the as-spun yarn is drawn 
three fold while traversing a bath of ethylene 
glycol bested to 130—133° C. Fabrics are 5 
woven from the undrawn yarn, which has a 
denier of 700 to 1100, and from the drawn 
yarn, which has a denier of 200 to 300, 

Portions of these fabrics are treated as indi- 
cated in Table I by soaking in acrylic acid 5 
solution for a period of 2 hours at room tem- 
perature;^ the fabrics, still wet with the treat- 
ing solution, are sealed in polyethylene bags, 
and are irradiated to a dose of 2 Mrad, using 
2 Mey electrons as described hereinabove. 6 
After irradiation, the fabrics are scoured two 
times in methanol on a steam bath, followed 
by "rinsing in hot distilled water at .70° C, 
followed in turn by treatment for 40 min- 
utes in a 2% sodium carbonate solution at 6. 
70° C. The sodium carbonate treatment 
forms the sodium salt of the grafted acrylic 
acid. Excess sodium carbonate is removed 
by rinsing in hot water at 70° C. The 
weight gain for each sample is also indicated 7< 
in Table I. 



Sample 



Yarn 



TA3LE I 
Treating solution 



Wt. gain, 



A 
B 
C 
D 



Undrawn 
Drawn 

53 

Undrawn 



80 Fabric tests upon sample C show that it h 
highly resistant to hole melting. For example 
a lighted cigarette cannot be pushed through 
the fabric, and the fabric is still pliable after 
cooling. Fabric from unmodified polyethyi- 

85 ene melts immediately. The sodium acryl- 
ate-grafred fibre does not. break when held 
directly over a lighted cigarette under con- 
siderable tension whereas an unmodified yarn 
breaks immediately under the same conditions. 

90 In addition, the modified fabric has increased 
dyeabiliry, improved hand, and better dry and 
wet crease recovery. 

Example II 
A second batch of yarn is prepared as in 
9*> Example I, starting with a 13% solution of 
the linear polyethylene of melt index 0.5. 



20.% acrylic^acid^in heptane 

zp*> » » » water, 
0.1% sodium salt of -lauryl 
alcohol sulphate 



24.5 
17.2 
32.8 
5.6 



When the polymer is dissolved, the autoclave 
pressure is increased to 650 psi, using nitro- 
gen from a pressure cylinder. The yarn is 
flashr*pun as before, except that, prior to ex- IC 
trusion, the solution is filtered throueh a 
series of srainless steel screens. The ~nbre 
has a tenacity of about 1.3 gpd. 

About 20 g. of the undrawn fibre prepared 
as described above is placed in a 1 gallon 10 
polyethylene bag containing 400 ml. of an 
8% solution of acrylic acid in heptane. The 
fibre is soaked for 2 hours at room tempera- 
ture, and then the bag containing the solu- 
tion and fibre is irradiated in two passes (once 11 
from each side) to a total dose of "2 Mrad. 

The irradiated fibre is washed in cold 
methanol, then in hot methanol, followed 
by rinsing in distilled water at 70° C. The 
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grafted fibre is then heated for 40 minutes 
in 5% aqueous sodium carbonate at 70 C., 
followed by two rinses in hot distilled water 
to remove excess sodium carbonate. in- 
5 fibre is then dried, and the weight gain, due 
to grafted sodium acrylate, is found to 
58 5% 

The grafted plexifilament is cut into pieces 
approximately i" long, which are then swred 
10 briefly in a Waring Blendor with sufficient 
distilled water to form a 1 % suspense with- 
out use of dispersing agent or thickener. An 
equal weight of Kraft cellulose paper pulp is 
added, and is dispersed in the water. The 
15 dispersion is then diluted to make a suspen- 
sion containing 0.25% by weight of tog 
fibre, and paper is formed by depositing [ the 
furnish on a 100-mesh screen to mate a hand 
«sh»<"t The sheet is removed from the screen, 
20 and is dried at 110° C, allowing shrinkage 
to take place. The sample is then calen- 
dered in a press at 150° C. and 600 psi. for 
1 minute. The sample is then tested wrth 
the results shown in Table II, using a sheet 
25 prepared from Kraft pulp as a control. 



Table II 
Sample 



Control 



50 
50 



0 

100 

12.8 
0.085 



Composition, parts: — 
Polyethylene fibre - 
30 Kraft pulp - ■ 
Tensile strength (1) 

(lb/in/oz/yd 2 ) - 1 H 
Frag, energy (2) kg/m 0.360 

35 W 8Tg7K^ ^ 5-0 890 

Ab ^lt^ 120,000 590 
M.I.T. Fold endurance, 
cvdes (5) - 421,000 1600 
40 (1) Tensile strength measured u^tg^ an 
" Instron " Tensile Tester C 'Insoon is 
a Registered Trade Mack) 
(2) Determined on die ^J^J^-J 
^ the Testing Machine Co. NY., Newark 
45 (3) Permeability measured using Thwing 
Vapometer cup 

(4) Tabor abrasion test 

(5) TAPPI Standards T-423-M-50. 

These results show that the grafted poly- 
50 ethylene filaments, when added to Kraft pulp, 
yield a paper which is stronger than 100% 
Kraft, has gready improved energy absorption 
{FraK energy), which is a measure of a cesist- 
SrburSig when a bag containing heavy 
55 articles is dropped, and m addition is. higUy 
Snt to permeability to water vapour, to 
abrasion and to repeated folaing. 

Although in -this example a 60% graft of 
sodium acrylate to the polyethylene fibre is 
s Tf7„j Lher amounts are also suitable. 
F^Smnle from ^ » 120% or mote pro- 
SL?d3whte modification. Other ions 



may also be used to form the salt of the acrylic 
acia graft, although sodium ion is preferred. 

Many other unsaturated organic acids are 65 
useful in modifying addition polymer filaments 
to improve their utility, for example for malt- 
ing paper- Thus unsaturated monocacbosylic 
acids such as methacrylic acid are suitable; 
for some purposes, difunctional aads such as 70 
maleic and fumaric acids may be employed, 
although acids which are not homopolymer- 
isable may require an excessive radiation dose. 
In addition, sulphonic acids such as styrene 
sulphonic acid and ethylene sulphonic acid are 75 
suitable for special purposes. It may some- 
times be desirable to graft the acid as the 
preformed salt, e.g. as sodium acrylate, or 
sodium styrene sulphonate. 

Example m ' .80 
The irradiation grafted polyethylene plexi- 
filament of Example II is cut into i pieces, 
slurried in soft water to a consistency of 
0.5% and subsequently beaten m a Waring 
Blendor at a 1% solids consistency for 2 85 
minutes without the use of a detergent. A 
hand sheet is prepared from the polyethylene 
olexifilaments alone. The wet hand sheet is 
removed from 100-mesh 8" X 8" screen, dried 
at 110° C in an oven and subsequently 90 
pressed at 150° C. and 60 psi. fee 60 seconds. 
The sheet has a basis weight of 2.35 pz/yd-, 
a tensile strength of 13.8 lb/m/oz/yd- of 
which it retains 5.1 lb/in/oz/yd^ when wet, 
and a tongue rear strength of 0.1 lb/oz/yd.-. 95 
A Kraft paper sheet control is employed m 
observing the properties reported in Table HI. 



Table HI 

Sample Control 



0.94 



0.08 100 



700 



105 



Frag energy kg/m 
Water vapor permeability 

g/mV24 hrs. - - 
Water .resistance (time in 

sec. for water to 

permeate - - - I 200 

Example IV 
A 0.98 g. sample of flash-spun linear poly- 
ethylene plexifilament, prepared as m txamp e 
H, is soaked in a solution of 4 ml. ol acrync 
acid and 36 ml. of heptane overnight and irra- 110 
diated to a dosage of 2 Mrads under a Van de 
Graaff electron generator while soli in the 
soaking solution. The sample is washed m 
methanol and then in a 2% sodium carbon- 
ate solution at 85° C. fee 45 niinutes followed 115 
by rinsing and drying. The weight gam is 
107%. "When a sample of melt spun un- 
drawn linear polyethylene is treated uncLr 
similar conditions the weight gam is only 

7 %- ^ -it 

A sample of ^sh-spm polyene pig- 
filament is soaked overnight in 13 ml. or ois- 
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tilled N-vinyipyrrolidcne and 28 ml. of meth- 
anol and then irradiated as in Example IV. 
The sample is washed in distilled water at 
85° C. for 45 minutes and rinsed. After 

5 drying the weight gain is 16.8% compared 
with 0.5% for melt spun linear polyethylene 
treated in a similar manner. 

The grafted plexifi] ament is rapidly and 
deeply dyeable, whereas the melt-spun con- 

10 trol is almost undycable. 

Example VI 
Flash-spun polyethylene plexifilament is 
soaked overnight in 20 ml. of acrylonitrile 
and 20 ml. of heptane and irradiated as in 
15 Example IV. The sample is washed in 
methanol and in dimechylformamide on a 
steam bath, rinsed in water and dried. The 
weight gain for the flash-spun plexifilaments is 
23.7% compared with 3.8% for a correspond- 
20 ing melt-spun material. 

The grafted plexifilaments show improved 
weather resistance compared with a melt-spun 
control and with the ungrafted flash-spun poly- 
ethylene plexifilaments. 

25 Example VII 

Flash-spun .polyethylene plexifilament is 
soaked in 20 ml. of distilled methyl acrylare 
and 20 ml. of heptane overnight and irradi- 
ated as in Example IV. The sample is 

30 washed in hot methanol and in hot methyl 
ethyl ketone. The graft weight gain is 50% 
compared with 17% for the mek spun poly- 
ethylene yarn. 

Example vm 

35 A flash-spun polyethylene plexifilament 
sample is soaked overnight in 20 ml of dis- 
tilled styrene and 20 ml. oLheptane.and=irra-_ 
diated for a dosage of 2 Alrads. The sample 
is washed in benzene at 60° C. and dried. 

40 The weight gain is 60.9% compared with 
13% for a corresponding melt-spun sample. 

Example IX " 
30 g. of isotacric polypropylene (melt index 
0.8) is charged to a 300 ml. autoclave along 

45 with 120 mL methylene chloride. The auto- 
clave is sealed and the mixture is heated to 
185° C, dissolving the polymer. The solu- 
tion is then flash-spun under autogenous pres- 
sure through a spinneret orifice 28 mils in dia- 

50 meter by 23 mils long. A plexifi lamentary 
fibrous yarn is obtained, having a total denier 
(not drawn) of 230 to 330. 

11 g. of the flash-spun polypropylene plexi- 
filaments are soaked in a solution of 24 ml. 

55 of acrylic acid and 276 ml. of heptane for 
2 hours, and then irradiated to a dosage of 
2 Mrads. After washing successively in 
methanol and 2% sodium carbonate solution 
at 85° C for 45 minutes jnd rinsing, the 

60 weight gain is 54.5%. A sample of melt 
spun material treated under similar conditions 
shows a weight gain of only 8.4 %. 



Example X 
10 g. of flash-spun polypropylene modified 
with sodium acrylate as in Example IX is cut t 
to lengths and is beaten in a Valley beater 
with 40 g. of Kraft pulp to a Schopper 
Riegler freeness of 350. Papers ace prepared 
from .this slurry in a sheet mould box by 
pouring 593 ml. of the slurry with 1 litre of * 
water into die box and applying a vacuum. 
The sheet is then couched onto a blotter and 
dried in an oven without tension. The 
papec is pressed at 150° C. for 1.5 minutes 
at 80 psi. 

The properties of the paper are listed in 
Table IV, along with the Kraft paper of 
Example II for comparison. 

Table IV 

Sample Control i 

Composition parts: — 
Grafted polypropylene 20 0 
Kraft pulp - 80 100 

Tensile strength 

(lb/in/oz/yd 2 ) (dry) 112 12.8 i 
Water vapour perme- 
ability g/mV24 nr. 27 890 

In addition, the test paper was more resist- 
ant to bursting under impact load, to folding 
and to abcasion. . 5 

WHAT WE CLAIM IS:— 

1. A plexifilament (as hereinbefore defined) 
of a grafted polymer (as hereinbefore denned). 

2. A plexifilament according to Claim 1, 

in which the strand comprises a continuous £ 
plexus of fibrils, longitudinally oriented and 
integral with each other, and substantially free 
of loose ends. 

3. A plexifilament according to Claim 2, in 
which the strand is substantially free of both 1* 
tunnels and cavities. 

4. A plexifilament according to any of 
Claims 1 — 3, in which the polymeric 
"backbone" of the grafted polymer is an 
addition polymer. l* 

5. A plexifilament according to Claim 4 in 
which the polymeric " backbone " is a linear 
polyethylene. 

6. A plexifilament according to any of the 
preceding claims, in which the grafted part 1 
of the grafted polymer is derived from an 
ethylenically unsaturated organic acid. 

7. A plexifilament according to Claim 6, in 
which the organic acid is acrylic add or meth- 
acrylic acid. 1 

8. A plexifilament according to Claim 6 or 
7, in which the organic acid is in the form 
of a salt thereof. 

9. A plexifilament according to Claim 1 sub- 
stantially as hereinbefore described. y t 

10. Process for producing a plexifilament as 
claimed, in any of the preceding claims, which 
comprise subjecting a plexifilament formed 
from a synthetic organic fibre-forming polymer 

to ionising radiation while it is in intimate li 
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contact with an organic compound (as herein- 
before defined). , . , 

11 Process according to Claim 10, m which 
the plexifilament is formed from a linear poly- 
ethylene. . ~ , -i 

12 Process according to Claim Lv or ii» 
in which the organic compound is an ethylenic- 
ally unsaturated organic acid. . 

13 Process according to Claim 12, in which 
the acid is acrylic or methacrylic acid. 

14. Process according to Claim \L or lo, 
in which, after the irradiation and Ac girting 
of the acid to the initial plexifilament, the 
acid gcoups in the resulting grafted polymer 
are converted into salt groups.^ % 

15. Process according to Claim 14, in which 
the acid groups are converted into sodium 

sdt group^ acccrding to any of Claims 10— 
15, in which the energy of the ionising radi- 
ation is at least 0.1 Mev. 



17 Process for producing a plexifilament 
claimed in any of Claims 1—9 substantially 
as described in any of the foregoing Examples 
I, II and IV— IX. 

18 Process for producing a plexifilament 
claimed in any of Claims 1—9 substantially as 
hereinbefore described. 

19 Plexifilamsnts of grafted polymers ob- 
tained by a process claimed in any of Claims 
10—18. 

20. Fabrics and paper made from or con- 
taining plexifilaments claimed in any or 
Claims 1—9 or 19. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
9, Staple Inn, London, W.C.I. 
Reference has been directed in pursuance of 
section 9, subsection (1) of the Patents Act, 
1949, to Patent No. 820,120. 
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